During the last 24 years the bone and mineral metabolism research community (and the National Institutes of Health and numerous other national and international funding agencies that support it) have devoted a great deal of intellectual energy and resources to some provocative, sometimes controversial, ideas about osteocalcin (OCN). OCN is a 46 amino-acid protein that is produced and secreted almost exclusively by osteoblasts, terminally differentiated cells responsible for the synthesis and mineralization of bone matrix during development of the skeleton and its periodic regeneration throughout life. Osteoblasts originate from mesenchymal progenitors and are short-lived cells that are constantly replaced, depending on the demand for bone formation in a particular location and time \[[@pgen.1008714.ref001]\]. OCN secreted by osteoblasts contains three γ-carboxyglutamic acid residues that confer high affinity to the bone hydroxyapatite matrix. However, when bone is resorbed by osteoclasts, a macrophage-derived cell type, the acidic pH in the resorption compartment causes the carboxyl groups on OCN to be removed, and decarboxylated OCN is released into circulation. The circulating levels of decarboxylated OCN are, therefore, dependent on the rate of bone turnover, also known as remodeling.

Originally thought to function exclusively in bone, a more expansive view of decarboxylated OCN as an endocrine hormone has evolved, largely through work of Gerard Karsenty and colleagues and beginning with the description of an OCN knockout mouse 24 years ago \[[@pgen.1008714.ref002]\]. As a hormone, OCN has been proposed to act on multiple end organs and tissues including the pancreas, liver, fat cells, muscle, male gonads, and brain to regulate functions ranging from bone mass accumulation to body weight, adiposity, glucose and energy metabolism, male fertility, brain development, and cognition \[[@pgen.1008714.ref002]--[@pgen.1008714.ref006]\]. This idea---that OCN is an endocrine hormone with pleiotropic effects---is widely cited in textbooks and review articles \[[@pgen.1008714.ref007],[@pgen.1008714.ref008]\] and has provided the rationale for numerous human studies on the relationship between OCN and diabetes or obesity.

There have been, however, several apparent shortcomings in the "OCN is an endocrine hormone" idea. The number of osteoblasts (and therefore the circulating levels of decarboxylated OCN) inexorably change throughout life as a result of physiologic, adaptive, or pathologic changes of bone itself that can be acute or chronic, systemic or localized, and reversible or irreversible, without changes in the putative extraskeletal targets of decarboxylated OCN. Examples are skeletal development, growth, adaptation of the skeleton to mechanical forces, fracture healing, changing calcium needs, stress, menstrual cycle, pregnancy, lactation, menopause, aging, hyperparathyroidism or hypoparathyroidism, hyperthyroidism, hypercortisolemia, Paget's disease, bone tumors, etc. Similarly, medications---approved after extensive trials with thousands of subjects and subsequently used by millions for the treatment of osteoporosis---dramatically decrease or increase serum OCN levels without any effect on glucose homeostasis, testosterone production, muscles, or behavior. In addition, mouse gene targeting studies of GPRC6A, proposed to be an OCN receptor that modulates pancreatic β-cell proliferation \[[@pgen.1008714.ref003]\], have yielded conflicting results with regard to glucose and energy metabolism \[[@pgen.1008714.ref009]--[@pgen.1008714.ref011]\]. One possible explanation for the differences between results in mice and those in humans is that OCN genetics and function differ between humans and mice; humans have a single OCN gene, whereas in mice, there are two adjacent OCN genes, Bglap and Bglap2. However, rats have a single OCN gene, and rats carrying an OCN null mutation introduced by gene editing do not exhibit obesity, insulin resistance, or glucose intolerance \[[@pgen.1008714.ref012]\]. Sorting through these apparent discrepancies has been challenging since the Karsenty knockout mouse has not been widely available for confirmatory studies.

The current issue of *PLOS Genetics* features two studies of independent OCN mouse knockout models. In the article by Moriishi and colleagues \[[@pgen.1008714.ref013]\], the authors replaced DNA encoding Bglap and Bglap2 with a neo cassette in embryonic stem cells. Using this model, they investigated the role of OCN on bone formation and mineralization, as well as glucose metabolism, testosterone production, and muscle mass. They show that, in contrast to the results reported by Karsenty and colleagues (which used a similar gene targeting strategy), OCN plays no role in bone formation (or resorption) and bone mass in the estrogen-sufficient or estrogen-deficient state. Instead, OCN is indispensable for the alignment of biological apatite crystallites parallel to collagen fibers ([Fig 1](#pgen.1008714.g001){ref-type="fig"}). Loss of OCN function had no effect on collagen orientation, which remained normal. Bone strength, however, was decreased in the OCN-deficient mice indicating that alignment of crystallites with collagen fibers is one of the elusive determinants of bone quality that together with bone mass determines the ability of bone to resist fractures. Additionally, the detailed and thoughtful study by Moriishi and colleagues shows that OCN plays no role in exercise-induced bone formation, glucose metabolism, improvement of glucose metabolism caused by exercise, testosterone synthesis, spermatogenesis, or muscle mass.
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In the article by Diegel and colleagues \[[@pgen.1008714.ref014]\], the authors used CRISPR/Cas9-mediated gene editing to delete most of the Bglap and Bglap2 protein coding regions. They report that homozygous gene-edited mice have no circulating OCN but normal bone mass as well as normal blood glucose and normal male fertility. Additionally, RNA-seq of cortical bone samples from the OCN-deficient mice show minimal differences from the nonmutant control mice. The mutant mice do, nonetheless, exhibit increased bone crystal size and maturation of hydroxyapatite, consistent with the aforementioned report of Moriishi and colleagues, earlier evidence by many other groups, and the general consensus that OCN plays a role in mineralization.

What are we to make of the apparent discrepancies between the articles in the current issue of *PLOS Genetics*, the work on the rat knockout \[[@pgen.1008714.ref012]\], and the previous body of work by Karsenty and colleagues? In the last few years, irreproducibility of research results, particularly from studies with preclinical animal models that could be relevant to human biology and disease, has become an enormous concern for all stakeholders of the research enterprise \[[@pgen.1008714.ref015]\], including the bone and mineral research community \[[@pgen.1008714.ref016]\]. The studies discussed in this perspective are a prime example of the problem. Genetic background, modifier genes, and differences in the molecular genetics of the knockout alleles remain possible explanations for the discrepancies, but neither Moriishi and colleagues nor Diegel and colleagues can explain the striking incongruence between their findings and those from the Karsenty group. Importantly, however, both groups explicitly state that the animals they have constructed will be donated to distribution centers and made publicly available so that their findings can be confirmed and extended by other interested investigators. Indeed, the importance of resource sharing is one of the most valuable take-home messages. I believe that science is inexorably self-correcting, and the work in the current issue of *PLOS Genetics* represents an important correction with implications for past and future work on the connections, or lack thereof, between bone and the rest of the body.
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